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Abstract 
The article considers the consequences of a fire on an outside installation of a refinery. The refinery uses hydrocarbons and their 
compounds having a potentially explosive nature and elevated firing temperature, which may cause abnormal situations and 
premature failure of building structures. Surveys have revealed the most damaged areas after fire, designated the technical 
condition of the damaged building framework elements and, depending on the degree of damage to building structures, 
prioritized the restoration of bearing capacity with the development of measures to ensure safe reinforcement and enhance further 
safe operation. Refinery features required application of the staged method of the restoration taking into account the redistributed 
effort. The implementation of the proposed measures allowed for the studied facility to become operational in the short term and 
to achieve economic benefits 
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1. Introduction 
Open type refinery processing unit was exposed to fire. The three-tier unit with height of 16.8 m is a reinforced 
concrete frame to the level of 13 m. Upper tier frame is made of rolled metal profiles, with reinforced ribbed floor 
slab. 
The outdoor unit is designed for installation of technological equipment and numerous pipelines for technological 
components and finished product at elevations 0.000; +7.000 and +13.000 m.
2. Survey after the accident 
Work on the technical survey of structures and technical safety evaluation of the unit was assigned to a 
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specialized organization – “Reconstruction” research laboratory of the Samara State University of Architecture and 
Civil Engineering. The customer provided information about the fire (minutes) and technical construction 
documents, according to which the processing unit was built in accordance with the project. 
The fire occurred within the first tier that housed the pumps for the product, the main component of which were 
hydrocarbons having a high combustion temperature. Given the importance of the surveyed unit in the technological 
chain of the enterprise, the customer was set on its speedy recovery with a minimum production stoppage. 
After examining the submitted documentation, interviews with factory workers and pre-inspection of the fire 
impact the fire area was defined bounded by the axes A-G 13-17, and it was established that the fire started from 
ground level due to electrical wiring violation. The general view of the outdoor unit after the fire is shown in Figure 
1. 
Fig. 1. General view of the surveyed unit after the fire. 
Access to the unit's structure was complicated by the fact that the ground level floors were covered with molten 
bitumen products after the fire, so a special team engaged in cleaning the walkways and required platforms, which 
were then covered with clean sand. Temporary scaffolding was erected for works on cleaning blackened structures 
and ensuring affordable access to the framings for the purpose of carrying out a detailed visual inspection of the 
damaged structures and instrumental measurements. On examining the fire report and using indirect signs of 
changesin construction materials from the effects of high temperature, operating temperature ranges were 
established, and temperature change zoning scheme drawn (Figure 2). 
Supporting structures of the first tier and ceiling over it were damaged the most from high temperatures (Figure 
3). 
 




















Fig. 2.Temperatures change zoning. 
. 
Fig. 3.View of the first tier constructions subject to prolonged exposure to fire. 
Figure 3 shows the damage to load-bearing structures of the first tier. Brick firewall by the axis 13 was 50% 
destroyed and had to be replaced. 
Four technological devices located in axes 14-16, A-B were found in the fire zone at elevation 7.0 m standing on 
the floor slabs and on their foundations. Three devices were badly damaged, and the supporting structures 
underneath were damaged in varying degrees. 
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Metal connections were badly deformed under high temperatures and had to be replaced. Columns and their 
consoles in axes 14/B, 15/A and 15/B were damaged by fire: the protective layer of concrete was destroyed, 
reinforcement was exposed, longitudinal working reinforcement was deformed locally, and concrete-to-steel bond 
was damaged. Longitudinal cracks were found in flooring joists, individual transverse clamps were broken, concrete 
structure was damaged. Longitudinal working reinforcement of consoles was exposed in flooring slabs, in some 
areas the reinforcing bars were out of plane, destructive concrete separation occurred in the individual zones. 
Concrete floor on top of slabs was less prone to fire. Figure 3 shows the framings damage. To evaluate the residual 
bearing capacity of the structures actual concrete strength was determined using a non-destructive method with the 
“ONIX-2.5” sclerometric device in accordance with the procedure set forth in [1]. Concrete strength in the damaged 
columnsof the first tier of axes 14/A and 15/A decreased locally from 25 MPa to 11 Mpa; the average bar concrete 
strength was 12 MPa. The average strength of concrete slabs of the first tier ceiling decreased from 25 to 15 MPa. 
Concrete strength in undamaged areas corresponded to the project one. Shafts were dug to study the underground 
part of the facility. Examination and survey of the underground part of the building showed that the foundations 
were not affected by the fire and were in good working condition. 
3. Development of safety measures to allow further operation 
Measures for the elimination of fire consequences were planned in two phases: the first phase consisted of the 
development and strengthening of load-bearing structures in the form of supportive metal frames [7]-[8], the second 
phase planned for a later period included the replacement of flooring elements. 
Production activation required the urgent replacement of the burned devices at minimum cost to restore the 
damaged load-bearing structures on condition of safety compliance. The mass of new devices must not be bigger 
than that of the existing ones. 
The customer's intention to replace some of the damaged devices without flooring replacement posed some 
difficulties, as the plates and the slab ribs being thin-walled elements underwent significant structural changes due to 
major fire exposure and their residual load-bearing capacity decreased. 
According to the research of other authors, a year after a fire the strength of burnt concrete decreases by 30%, 
and this fact should be taken into account in the development of regulatory activities. 
According to calculations, despite the significant decrease in the concrete strength slabs carry an external load by 
working with the laid over them concrete floor, the thickness of which reaches, according to the survey, up to 150 
mm. This concrete floor was damaged by fire to a lesser extent. That is why the installation of new devices was 
agreed with the customer on condition of their placement on existing foundations maintaining the jointless floor 
integrity. In the case of the floor removal, the balance in the block floor would be broken and require immediate 
replacement of all load-bearing structures on the fire site, which is contrary to the condition set by the customer on 
the terms of the unit recovery. 
At the first stage safety measures excluding the possibility of the building structures collapse were carried out. 
Thus, eight columns were reinforced with a metal clip coated with flame retardants; two slabs were replaced and one 
column (spacing) slab was reinforced with a metal clip; all braced structures were replaced; brick wall was re-laid 
along the axis 13; additional guard supports were installed. Damaged technological devices were replaced. 
These measures allowed to relaunchthe production line in a short time. Implementation of the second phase was 
carried out during the next stopping. Thus, floor slabs and reinforced concrete beams at elevation 7.0 m were 
reinforced with metal rolled elements. 
Schemes of ordinary floor slabs reinforcement were designed by the authors with copyright certificates in [2], 
[4]. Strengthening of the column slab sideribs was performed in accordance with the recommendations [5]. Schemes 
of rib strengthening are shown in Figure 4. 
4.Conclusion 
The implementation of recommendations made it possible to ensure safe operation, achieve output with a 
minimum suspension of production and a significant economic effect. 
 















Fig. 4.Slab ribs reinforcement 
References 
[1] GOST 22690 – 88. Concrete, determining the strength through mechanical non destructive testing methods, introduced 01.01.91, Moscow, 
1991. 
[2] M.V. Yakovleva, O.N. Kotkova, A.P. Litikov, A device for the reconstruction and strengthening of damaged ribbed slabs, patent No. 129540, 
27 June 2013. 
[3] M.V. Yakovleva, O.N. Kotkova, A.P. Litikov, A device for strengthening of damaged ribbed slabs, patent No. 107540, 27 August 2011. 
[4] M.V. Yakovleva, et. al., A device for compression of strengthening clamps, patent No. 131335, 20 August 2013. 
[5] M.V. Yakovleva, et. al., A device for enhancement of the column slabs side rib, patent No. 156937, 26 October 2015 
[6] V.S. Shirokov, On the safe operation of the outdoor units in petrochemical industry, in: Vestnik SGASU. Urban planning and 
architecture,Issue 3.Environmental and industrial safety of building operation, Samara, 2013. 
[7] M.V. Yakovleva, O.N. Kotkova, S.M. Belyayev, Strengthening and reconstruction of building structures: guidelines for students, SSUACE, 
Samara, 2010. 
[8] M.V. Yakovleva, O.N. Kotkova, Evaluation of bearing capacity change of building structures in the process of operation: guidelines for 
students, SSUACE, Samara, 2009. 
[9] V.V. Klyuyev (Ed.), Technical diagnostic tools: A Handbook, Mashinostroyeniye, Moscow, 1989. 
[10] Recommendations on examination and evaluation of technical condition of buildings, Kucherenko Central Research Institute of Construction 
Structures, Moscow, 1988. 
